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2. Bbstract

TheDNB Sy k5dz6F YAEK wAOSNI 6 GSNEKSR A8 ARSYGATASR 2y

50 different pollutants (including toxic and conventional parameters) under the Clean Water Act (CWA).
Portions of the study area are also on the Nation@Ries List and are in various stages of sediment

cleanup under the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) or
Superfund, and Washington State Model Toxics Control Act (MTCA) programs.

Washington Department of Elmy (Ecology) and the U.S. Environmental Protection Agency (EPA) are
developing a Pollutant Loading Assessment (PLA) to understand the relationship of water, sediment, and
fish tissue quality to the overall health of the Green/Duwamish River watershetl@mer Duwamish
Waterway (LDW) in Washington.

A group of linked modeling tools are proposed for development as part of the PLA focusing initially on a
number of toxic pollutants including a diverse mix of lipophilic chlorinated hydrocarbons
(polychlorinaed biphenyls [PCBs]), polycyclic aromatic hydrocarbons (PAHSs), phthalates, and metals.

The purpose of the PLA is to address water, sediment, and tissue quality impairments (i.e., 303(d)
listings under the CWA) in the Green/Duwamish River watershed, ingltisé LDW, as appropriate, to
attain designated uses. It is a tool for evaluating the effectiveness of sediment cleanup and associated
source control efforts in meeting water quality standards. It is also designed to predict bioaccumulation
of pollutantsin the food web.

This projectvasinitially developed by Tetra Tech under the contract with EPA. Due to the
discontinuance of funding from EPA, Ecology has taken over and led thelimgptizim since 2018This
Quality Assurance Project Plan (QAPBYil upon the previous PLA QAPRtra Tech, 201&nd model
development publications developed by Tetra Tech. This @AdRMRIesupdatesto the toxicmodeling
parameters andhe approacHor the watershedand the receiving water modelinghe projecteam
expectanupdateto this QAPRgainin the future to specifythe management scenarios ftire
receiving water model anthe modeling approach fothe food web model.
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3.Background

3.1 Introduction and problem statement

The Green/Duwamish Rivesatershed provides habitat for wildlife, birgsnd fish, including three fish

aLSOASa tAEGSR a GGKNBIGSYSRéE dzyRSNJ KS 9yRIYAISNBR {LISOASa ! Oty

Steelhead, and Bull Trout. The Green/Duwamish River watershed includes treitamanding the

Green River and the Duwamish River, as well as the land surrounding all of the tributaries that drain to
the Greenand Duwamish Rivex includingHamm CreekBlack River, Springbrook Creek, Mill Creek, Soos
Creek Crisp Creel\Newaukum Crek, andChristyCreekand their tributaries

Thelower fivemiles ofthe Duwamish Rivelkknown as the Lower Duwamish Waterway (LDW), is now
largely an engineered channel. Decades of industrial activity in the lower watershed have contaminated
portions ofthe surface watergroundwater, sojland sediment with a variety of pollutants. Remediation

of contaminated groundwater, soénd sediment is being planned, is unaeay, or has been completed

at numerous locations along the LDW unttes supervision ofederal and state authorities. A large

scale Superfund #waterway cleanup, involving sediment dredging, cappamgl other remediation
techniques, will occur over the next ten years in the lower fikes of the river.

In contrast to the sitespecific feaus of state and federal cleanup programs, the Clean Water Act (CWA)

looks broadly at the cumulative water quality effeof pollutantson impaired watersheds. This CWA

requirement is implemented through a series of steps, beginning with developmerdtefwater

jdz- f AGe adlyRFENRA® 2 GSNJ ljdz fAde adlyRIFINRa SadlrofAak GKS adzaSac
fishing, shellfish harvesting, swimmiremnd the ability to support aquatic life. Each state adopts criteria

to protect the designated uses. CWéc8on 303(d) requires that states identify those waterbodies

t d:

GKSNE GKS 41 GSNI ljdzk t AGE ONRGSNREF olyR GKSNBT2NBE (GKS adzaSatéo I NB y2i

waters is referred to as the 303(d) list.

Washington Department dEcologyEcology has idatified impairments in the water column, fish

tissug and sediment in the Green/Duwamish River watershed. While tivesiterway cleanup and

source control efforts will substantially improve the quality of LDW sediments and surface water, and
reduce the sefood consumption risk by about 90%, some CléAed impairments may remain

following the LDW cleanup. Both the U.S. Environmental Protection Agency (EPA) and Ecology recognize
the need for a scientific approach that can predict short and-@nm improvements in water and

sediment quality, and can subsequently predict the level of contamination in fish tissue over time, as
different cleanup and restoration scenarios are implemented.

Sate and federabhctionsto clean up historical contamination and ttestore water quality in the
Green/Duwamish River watershed are complimentary efforts aimed at a common goal: protecting
human health and the environment. Remediation of contaminated sedimentsasdilgroundwater in

the LDW will help restore water quigdi while reduction of pollutant loading throughout the watershed
will help protect sediment quality and aquatic habitat in the LDW. Ultimately, successfully integrating
state and federal efforts to improve both water and sediment quality will make the progress

toward attaining designated uses, including reducing the bioaccumulation of toxics in the food chain.

The purpose of this report is to outline a proposed comprehensive and quantitative geographically
based pollutant loading assessment (PLA) foothe Green/Duwamish River watershed, the essential
elements of which are described below. A considerable amount of monitoring, modeling, cleanup and
restoration work has already been done by local governments, interested patidgegulatory
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agences (e.g., Ecology, 2012b; AECOM, 2012a). This report identifies these previous and ongoing
efforts, and is designed to incorporate these efforts into a proposal for future work in a way that best
represents the complex dynamics of the Green/Duwamish Rra¢ershed.

The PLA modeling approach consists of a linked watershed/receiving water/food web modeling system
describinghydrology,hydraulics, hydrodynamics, and pollutant loading in the Green/Duwamish River
watershed.The PLA tool will represent sedimeransportprocesses, such as sediment buildup, washoff
resuspension and sedimentation, as well as the dominant processes affectipgliii@nt fate and
transportthroughout the watershedThe originalproposed omponentsincludea Loading Simulation
Pragram- C+HLSPPwatershed model, th&nvironmental Fluid Dynamics Cq@#D{receiving water
mode, and the Arnot and Gobas foedeb model(FWM).The watershed modeling component was
changed to the Hydrologic Simulation PrograRORTRARHSPF) followinrecommendations of the

project team(details of the model conversion are described in Section 7)

The objective ofhe PLAS to deelop anassessment tool that considers existing watershed and receiving
water conditions, as well as ongoing and fututp&fund and MTCA cleanup effori&hetool can be

used toassespotential recontamination of postleanup sediments from incoming loads from the entire
drainage area, including all lateral loads to the L;llﬂmrove the effectiveness of the sedimermedial
actioHp and address CWA water, sediment, and tissue quality impairments in the Green/Duwareish Riv
watershed, including the LDVWheassessment tool can al{kmzlp identify load reductions from various o

sources in the watershed and the receivimgters and can be used to estimate loadings during and after —— —— -
sediment cleanup. {Commented [A2]: Do you mean identify needed reductions t(}

maybe helping some with bullet 4 below. See comments on se

Commented [A1]:  Not clear how this tool can do this besides

removeimparements?

The PLA tool can be used to assist with the following needs:

1 Understand the pollutant loading associated with point souimed the uncontrolled release of
chemical pollubn from diffuse sourcethroughout the watershed.

Compare different pollutant reduction alternatives to allow for more informed decisiaiking.

Predict the resulting shortand longterm improvements in fish tissue (within the LDW), water
column and sedinent quality throughout the watershed.

1 Minimize recontamination of post cleanup sediments and improve the effectiveness of natural
recovery.

1 Support adaptive management over time in response to measured progress in meeting water
quality targets.

3.2 Study area and surroundings

The Green/Duwamish River flows for over 90 miles from the Cascade Mountains before disdh&oging
Elliott Bay near the City of Seattle in northwest Washington STdtis drainage, whicimakes upmost

of Water Resource Inventoryrda (WRIA) includes the direct lateral flows to the LDW, and represents
the completestudy areaModeling of the watershed and LDW is proposed at two general scales for the
PLA the LDW receiving water and the Green/Duwanisherwatershed.The approab is designed to
addresssources throughout the Green/Duwamish River waterstied affect water, sediment, and

tissue quality in the LDYdddress the CWA 303@i3ted impairmentghroughout the watershedand
minimizepost-cleanuprecontamination osediments in the LDW. The geographic scope is discussed and
illustrated below for both the LDW and the Green/DuwantSter watershed.
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The LDW is of particular interest forighPLA as it is the focus of many source control and sediment
cleanup effortslt is a fivemile, 44tacre waterbody located at the terminus of the Gré@awamish

River watershedThe LDW is defined as the stretch of water between the turning basinSeed2nd

Street Bridgeand the southern end of Harbor Islarféidure ). It is a Fatified saltwater wedge estuary
affected by both tidallyinfluenced Puget Sound saltwater and freshwater inflows from the
Green/Duwamish River watershed. It is a navigable waterway and supports associated boat traffic and
robust industrial commerce. Adibinally, the waterway serves as a migratory pathway for numerous
fish, including the threatened Puget Sound Chinook salmon and bull trout. Several neighborhoods are
also located nearby (South Park and Georgetown), with a mix of residential, commeunceatianal,

and industrial activities.

2

Figurel. Extent of the Lower Duwamish Waterway

The LDW is at the mouth of the Green/Duwamish River watershed. Consistent with geographic
information system (GIS) layers from King Couthiy, Green/Duwamish River watershed area has been
divided into four primary subwatersheds for consideration:
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1 Duwamish Estuarfrom Elliot Bay/Harbor Island toiver mile (RM)1L1.0 at Tikwila near the
confluence with the Black River (22 square miles ofstiiki and residential areas; includes
lateral loading to portion of the Duwamish River downstream of the Black River as well the
LDW);

1 Lower Green Rivéom Tukwila(RM 11.0¥o Auburn NarrowgRM 320) (nearly 64 square miles
of residential, industrialand commercialand use};

1 Middle Green Rivérom Auburn NarrowgRM 320) to the Howard Hanson Da(RM 64.5
(nearly 180 square miles of residential, forest, and agricultural land uses); and

1 Upper Green Rivérom the Howard Hanson Dam to the headweté20 square miles of mostly
forested land)

Tributaries in hesesubwatershed includethe Black Rivemill Creek Soos Creek, Newaukum Creek,
andmanyother smallercreeks

The LDWthe receiving waterbody of primary conceis located within theDuwamish Estuary
subwatershed. Direct loading from this subwatershed to the LDW and additional combined sewer
overflow (CSO) loading from the sewershed will be considered in this technical approach along with the
comprehensive loadings from sources in theee upstream subwatersheds (Lower, Middle, and Upper
Green subwatersheds). This watersHesed geographic representation allows for quantification of all
sources associatedith LDW and other Green/Duwamish River watershed impairmentsaodunts

for the connectivity to Elliott Bay.oadngs from the land or direct discharges to tBast and West
Waterwayswill also be included into the technical approachtasy impact conditions in the LDWia

tidal processes. Ultimatelyhé connection to downstreameceiving waters streamlines expansion of
the approach taaddressmpairments in the East and West Waterways as well as Elliott Bay in the
future; however, specific details on other cleanup efforts in and around these waterbodies will not be
included in ths QAPP.

3.2.1 History of study area

The Green/Duwamish River watershed, located patrtially in Seattle, Washington, has historically provided
habitat for fish, birds, and wildlife with its marshes and mudflats, but development has increasingly
stressed thdower region of the basin and reduced the natural environment. In the 1890s, raw sewage
and stormwater emptied into the Duwamish River, Elliott Bay, and Puget Sound. In the early 1900s, with
the expansion of waterway commerce, industrial development antiifamts associated with this waste

were also introduced to these waterbodies. During this time the estuary tidelands were filled in and the
river was modified to serve the growing industrial and port activities.

The downstream area, known as the Lowem@amish Waterway (LDW), is now a largely engineered
channel. Conditions subsequently deteriorated; however, the 1960s saw increased environmental
awareness and action, witheatment plantsbeing required to address industrial effluent and sewage.
Contaminaed soil, groundwater, and sediment remediation efforts are being conducted along with
habitat restoration. Since the turn of the century, regional agencies have emphasized current and future
actions, with both sediment investigation and cleanup as wedbasce control activities. Considerable
resources have been utilized to characterize and prioritize these cleanup, restoration, and source
control efforts.
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Figure2. Green/Duwamish River watershed

3.2.2 Summary of previous studies and existing data

[EPkand Ecology began planning for the Green/Duwamish River PLA ini@@aBwork was devoted to
developing a Technical Approach document (Tetra Tech, 2014).

In June 2015, Tetra Tech provided a technical nramtumthat documentd their findings on
Green/Duwamish River Watershed RiaAa gaps andollutant groupings(Tetra Tech, 2015bkn this

memo, Tetra Tech provided a discussion on pollutant behavior and grouping recommesdatio
candidate pollutants and data or kntedge gaps for the PLA model construction and source attribution.

In June2016, Leidos developethe GreenrDuwamish River Watershed PCB CongehetySPhase 1

report for9 O 2 £ FaRiés Clé@anup Progralireidos, 2016)Thereport provided a concise summany
available information on PCB congeners and Aroelndidentified important issues to consider when
evaluating historical PCB congener and/or Aroclor data or when collecting new data. In addition, this
report compiled available PCB congener datthéxGreenDuwamish watershed including any available
information on data quality. This provided a fsr the Water Quality Database for the watershed.

In July 2016, Tetra Tech published the first versiath@QAPP under contract with ERPetra Tech,
2016) That QAPP provided a general description of the modeling and associated analytical work that
Tetra Teclwould perform for the project, including following data quality objectives (DQOs) and quality
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control (QC) procedures to ensure that the finedguct satisfies EPA requirements. That QAPP also
addressed the use of secondary data (data collected for another purpose or collected by an organization
or organizations not under the scope of this QAPP) to support model development and application.

In Féoruary 2017, Tetra Tech documented the development and calibration of hydrologic simulation
models for the Green/Duwamish River watershed in a LSPC model development and calibration memo
(Tetra Tech, 2017Thememodescribeghe model setup procedures artthta sources, including
information on subbasin and reach delineation, development of upland hydrologic response units and
calibration of the model for hydrology.

In June 2017, eidos completed Phase 2 of the PCB congener study, fundecolbygy(Leidos 2017)

This study identified the types of contaminant sources that are contributing to the PCB pollution in the
GreeriDuwamish River and the LDW using mwultiiate statistical techniques. It provided
recommendations about which PCBs to model in the &ld\foundthat the most abundant homologs
across water, sediment, and biota compartments are the tefpanta, hexa, and hepta homologs.

In March 2018, Tetra Tech convertde LSPF model back to HSPF under the directitimegiroject
team anddocumented the changes in the Gré@uwamish River Watershed HSPF models m@ratra
Tech, 2018)The memo includes model platform conversion, temporal extension, delineation and
hydraulic refinements, and the addition of the sediment simulation.

In April2018 Leidos developed a Green/Duwamish Watershed Water Quzdigbase to support the
PLA(Leidos, 2018)The databasevas created based aan existing database previously developed by
Leidos. This task also provided an early look at the spatial/tenhpatterns and gaps in the data during
the modeled time window.

The PLA igeing developed y LJF NI £ £ St gAGK GKS 9t! Qa { dzLISNFdzyR LINBIAINI Y Of SI ydzld 27
2 §SNBl &8s 902t238Q4& dzLJ I YR &AGS NBYSRAFGAZ2Y LINRP2SOGas ydzySNRdzA &id2N
Overflow (CSO) control projects, and other studies within the Green/Duwamish Rieformation
generated by these activities will be considered for use in the modeling effieetgoal of the PLA model

development is to incorporate, to the extent feasible,kmailablddata and knowledge of the system into | Commented [A4]:  applicable? certainly some data will not be
the models. used for various reasons.

3.2.3 Parameters of interest and potential sources

There are over 250 waterbody segmegtllutant combinations on the 2012 303(d) list in the study area.
These include impairments for sediment, tissue, and water for over 50 pollutardasldition, he
SuperfundPropsed Plan (PRgentified pollutants that are the primary human health ridkivers based

on the human health risk assessment (HHRA) conducted as part of the remedial investigatierwgRl)
as ecological risk drivers.

Based on the discussion with theopect team, all the compliance end points (inahgithe water quality

and sediment standas)j will be based on total PCBwhich is the sum of all congenefthe modeling

team proposed to simulate total PCBs and use the phydiemical propertiesrbm a selected group of
homologs which are groups of PCB congeners with the same number of chlorine atoms in the molecule.
The selected groups of PCB homologs considered for modelling in¢kidedoenta, hexaand hepta.

This is the only change from the ginallist of candidate chemicalcluded in theprevious QAPPT@ble

1).
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Tablel. Final chemicals and groupings selectedriodeling

Commented [A5]:  Unclear how this is supposed to work to
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some inouts

methylmercury hampers
evaluation of fate,
transport, and
bioconcentration potential.

Parameter TS Food Web Issues Decision
Transport

PCBs Y Group of 209 congeners Simulate Total PCBs
with a wide range of and use the physico-
chemical properties. chemical properties from

the selected group of
homologs (tetra-, penta-,
hexa-, and hepta-
homologs) for modeling. |

Carcinogenic Y Group of 8 chemicals with Simulate cPAHs as a

PAHs (cPAHS) differing properties. group with approximated

characteristics; reassess
based on data analysis if
necessary.

Dioxins/Furans NA Data are limited; simulating | Delay modeling until
only 2, 3,7,8-TCDD will not | additional data are
represent full toxic potential | collected. (Model
associated with this group. | structure for PCBs will

also work for
dioxins/furans.)

Arsenic N Determination of natural Simulate inorganic

(inorganic) background concentrations | arsenic only using a
may be an issue. simplified mass balance

approach.

Phthalates N DEHP was suggested as a | Simulate DEHP and use
surrogate for other as a surrogate.
phthalates.

Rapidly metabolizes in fish
tissue, not a food web
concern.

Copper N Aquatic toxicity evaluation Simulate dissolved and
requires dissolved sorbed inorganic forms
concentration. using USEPA translator

guidance (1996)
methods adjusted to
local data.

Zinc N Aguatic toxicity evaluation Simulate dissolved and
requires dissolved sorbed inorganic forms
concentration. using USEPA (1996)

methods adjusted to
local data.

Mercury NA Lack of data for Do not model mercury at

this time.
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3.2.4 Regulatory criteria or standards

Numerous targets exist for several different media in the LDWthadontributing watershed. Ongoing
and future cleanup and source control efforts tdress water column, sediment, and tissue
contamination can be supported by the technical approach described QiR A properly designed
and applied technical approach provides a sotnesponse linkage and enablestimationof existing
and potential future loadings as well as theistribution of loads among sourcasd pathwaysThe
estimated loadingsvill be used as indicatoffer the attainability ofdesignated usesThe technical
approach must enable direct comparison of model results tstigam water, sediment and tissue
concentrationsScenariosthat simulate reductions associated wisiedimentcleanup source contral
and regional toxics reductiogfforts can be runevaluated through timeand compared to the various
water and sediment targetsy changing input values for different model parametérsod web
bioaccumulation modeling will be performed to evaluate the relationship between water and sediment
targets with tissue concentratioris aquatic life. For the watershed and receiving water loading
analyses and for future implementation activities, it is also important that the framework enables
examination of poinsource and land use loadings as well astieam concentrations.

QAPPGreen/Duwamish River Watershed Pollutant Loading AssessrbéMFT Pagel5 ¢Felruary 2020

Template Version 1.0, 10/07/2016



4. Project Description

4.1 Project goals
4.1.1 PLA project goals

Thegoalsfor the Green/Duwamish River watershed PLA modeling are to:
1 AddressCWA303(d) listings relate to water, bed sediment, and tissue concentratians
1 Protect investment in LDW cleanupn(it recontamination potentialunder CERCLA

1 Develop watershed, receiving water, and food web toolddscribe source, transport, and fate
of subject pollutantscompare model output to environmental quality targgtand facilitate
evaluation of management actisn

As described earlier, the PLA utilizegraup ofthree linked modeling toolsthe watershed model, the
receiving water model, and the food web model. This QAPP addressdsttiledmodeling objectives
and management smarios forthe watershed modeand theseare provided below. The project team
will providedetailed modeling scenarios ftine receiving water modeand background and calibration
information regarding théood web model

4.1.2 Watershed modeling goals

Watershed modeling will assess the effectiveness of potential mitigation strategies meaawoliuice
contaminants within the Lower Duwamish Waterwaayd support clean water and a healthy habitat
within the contributingwatersheds. The modeling framework M&lipport the needs as presented by
stakeholders in the Gre¢buwamishRiver watershed and the LDW. These needs are multifaceted and
have evolved over time as the sources of contaminaéind their impacts on the habitat and aquatic life
healthare better understood.

The watershed modeling framework is designed using four themes:
(1) Leverage past efforts as appropriate to support a eefféctive process

(2) Integrate with current com@mentary modeling efforts (internal and external to the
project)

(3) Provide thenecessary tools to characterize a highly complex physical landscape in a simpler
quantifiable way

(4) Be adaptable to allow for future assessments

Thefinala St SOGA2y 2F dzaAy3a I+ 4 GSNAEKS RHydoboHSSimulgtian ¥ NI YS 6 2 NJ
ProgramFOR RANHSPF) supports all four themes described above.

1 Decisions on which numeric targets to apply have not been made. Discussion on potential targets was provided in the
Technical Approach document (Tetra Tech, 2014).
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4.2 Project objectives

4.2.1 PLA project objectives

The objective of the PLA is to develop an assessment tool that considers existing watershed and receiving
water conditions, as well as ongoing amdufre Superfund and MTCA cleanup effoiftbe tool must be
capableof assesmgthe pollutant contributiodof a specific poinbr distributed source to the total
pollutantwater concentration whichwill allow determiration ofeach sourc@ load contribution to the
total load.In general, he tool will be used to asseseurceload reductionsneededto reach CWAvater,
sediment, and tissue qualitriteria. Forexample, thetool couldbe used to assess potential
[recontamination of postleanup sediment#rom \incoming loads from the entire drainage area, including - : =

all lateral loads to the LDViprove the effectiveness of the sediment remedial adfiand address CWA ﬁg’;}'j;”;‘jﬂr[c’ﬁ{;ad; Z“';“eedl"r;';?nﬂ‘(,"‘v”e",:i‘n'?ﬂv:fh",’;“i,f;":,{’;ex
water, sediment, and tissue quality impairments in tBeeen/Duwamish River watershed, including the dredge residuals, etowill all affect sediment recomtamination.
LDW.The assessment tool can also help identify load reductions from various sources in the watershed_Recommend clarify the intent of this statement.

Commented [A6]: Does this mean outfall/drainage basin? Or
landuse type, building typeRlease clarify.

Commented [A7R6]:  Yes, please elaborate on what is mean
by assessing the pollutant contribution of a "specific point or
distributed source". Please define and/or provide examples.

and the receiving waters; and can be used to estimate loadings during and after sediment cleanup. Corrjlmtlentte:t[@]: "from" seems absolute. | would revise and
say ‘related to'.
The PLA ol can be used to assist with the fOIIOWIng needs: Commented [A10]:  How will model do thisPoes this mean as
. . . . it relates to SC actions? On a basin specific scale, | tharn@dal S¢
T Understand the pollutant loading associated with point souimed the uncontrolled release of ctona e pestioldo Hislveronallmadel hadnakesgeneral
chemical pollution from diffuse sourcésroughout the watershed. assumptions being applied to multiple basins based on land ust
age of buildings (for PCBs). Please clarify the intent of this
Compare different pollutant reduction alteatives to allow for more informed decisianaking. statement as it relates to the PLA.

Predict the resulting shortand longterm improvements in fish tissue (within the LDW), and
water column and sediment quality throughout the watershed.

1 Minimize recontamination of post cleanup sedimeatsl improve the effectiveness of natural
recovery.

1 Support adaptive management over time in response to measured progress in meeting water
quality targets.

4.2.2 Watershed modeling objectives

4.2.2.1 Watershedmodelingquestions

Objectives are largely dewn by the questions being asked. The substance of the questions helps define
what types of data are needethe extent of the datathe spatiabnd temporalresolutiors, as well as
the physical processes and mechanisitgese areliscused in the next sedon.

Commented [A11]: | wonder if thidist will be confusing since
not all questions in this list will be actually evaluated. Maybe
separate questions that are not being addressed?

Below are a series of questisithe modeling tearhvill considé, mostof whichhave beerdeveloped by
stakeholders in the Pollutant Loading Assessneaject

(1) WHat is the contribution of a contaminant from @shentified point source (osources) in the
watershed? answer many of these questionBlease clarify how Watershed

Commented [A12]: It seems more empirical dataeededto
model helpswith these questons vs empirical data?

(2) What is the contribution of a contaminant from different land uses that are-poimt
sources?

(3) What is the contribution of contaminant loadings coming from Howard Hanson Dam versus
downstream sources

(4) What is the atmospheric conbution of a contaminant to the receiving waterbodies?
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(5) What is the contribution o& contaminant from groundwater?
(6) What is the contribution of pollutants from bank erosion in the watershed?

(7) What would be theminimumreduction of norpoint loadings in thevatershed to achieve
the stated goalén the LDV®

(8) Can we model multiple pollutants at once?

(9) How do lakes/wetlands influence the fate and transport of the pollutants?

(20)Will climate changehag@mplify pollutant generation?

(11)What is the rank of pollutantontribution among point sources and ng@oint sources?
(12)What are the different methods of treatmerihat might be modeled?

4.2.2.2 Watershedmodelingobjectives

The watershed model integrates atmospheric conditions, the physical landscape, anbhation
sourcesvary over timeThe dsign and development of the watershed modeling will need to achieve
three objectives:

(1) Provide boundary conditions for LDW modeling and analyses

(2) haracterize the watershed to estimate loadings from pollutgeherating sources and the
pathways pollutants can take

(3) BEvaluate the effectiveness of proposed mitigation strategies

Specifically, the modeling will fidbtagaps in space and time thate not feasible to bédilled through
monitoring andwill support ezaluation ofoutcomes from possible future actions theannot be
measured in the present

Results from the modeling wdlsohelp identify reductions in loading necessary to achieve target
conditionsfor environmental protectionn the LDW.

The modelingapabilities and objectives are separated into several categmidsding pollutants
evaluated, study geographic area/spatial scale, characterizing land use/cover impacts, hydrology and
hydraulicinputs, atmospheric inputs, pollutatitansportand fate eatures, and boundary conditions
These categories are discussed in more detailed below.

4.2.2.2.1 Pollutantsto beevaluated

Themodel will evaluate suspended sediment asetlimentassociated contaminantSuspended
sediment is distributed into three fingrained sediment classeone noncohesive (sand) and two
cohesive (silt and clay). Partition coefficients and sorption rates are adjusted based on characteristic
associated with those grain sizes and covalence interactivity with the contaminants ofrtonce
Contaminants of conceriw beevaluatedin the modelinclude

1 PCBsusing a weighted averagmefficient for a set of congeners of interest
9 PAHssimulaing a surrogate representative af set ofPAHs of interest

1 Arseni¢ simulated asa generalized constituent

1 Zing simulated as dissolved and sorbfedms

9 Copper simulated as dissolved and sorbfedms
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Additionalsimulatedconstituens tobe included

9 Water temperature
1 Organic Carbagrsimulated as particulate and dissolviedms
1 Hardnesssimulated as a conservatiparameter

4.2.2.2.2 Geographic area and spatial scale of studyaa

Analyses of model outputs can be readily performed at the catchment s@Jef the outlet of any
individual catchment or an aggregate thereof) but @aclude point sources when sufficient information
is known and/or estimated.

The watershed basirte be modeledinclude the Green and Duwamish River watersh&te.model
study area starts just below Howard Hanson Dam (which representsater conditiors leaving the
upper watershed above the daend continues downstream, including lateral areas draining to the
Lower Duwamish Waterway.

Defined catchment areaacluded in the modegienerally range in size from a couplehundred acres
to several thousandcres. Simulated outputs will be available for each of treegehment areas

4.2.2.2.3 Characterizing impacts of land cover and larsgu

Pollutant loadings are affected by land use type. Stormwater runoff and pollutant loadings can be
evaluatedundervarious types of land use conditions. The model development will account for
watershed areas according to different land use and drainage characteristics. The model will be set up
for existing conditions but can be adjusted to evatidie effecs of altemative land cover and land use
scenarios, as needed.

Current land cover and land usenditionsare derived fronsatellite imagery collected in 2007
Watershedmodel categories include ten types of land use. Those categories are then partitioned into
pervious and impervious land surfac{NzJn-poIIutant-generatindimpervious surfacefi.e., roofskare
separated fronpollutant-generatingimpervious surfaces (e.g., roads, driveways, haedsurfaces,

etc.). Inthe Lower DuwamiskVatershed the modelwill reflect the fact thatmuch of the land use is
serviced by a combined sewstormwater collection system.

Land use inputs will be adjusted for specific geographic areas, because the same land use type may h
different loading rates in different bass.

4.2.2.2.4 Hydrology and ydraulics
Measures of water quality that are tirdependent (e.g., established chronic and acute concentration

thresholds, etc.) can be applied to simulated flow retasthe contaminants of concern. Bh Y2 RSt Q&

temporal resolution will support analyses where durations of exposure are relevant.

Simulated hourly continuous flow rates will be available at the outlet of every defined catchment in the
watershed model. If other locations become of interest, simulatatputs could be generated (possibly
with some limitations) for further analyses.

4.2.2.2.5 Atmosphericriputs

Impacts from atmospheric depositiaf pollutantswill be evaluated in watershed modeling results.
Atmospheric loadings can vary spatially amchporaly and will account fospecific land use categories.
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Atmospheric inputs are specifically defined by the user and assumed to occur continuously at varying
rates regardless of rainfall and can be defined for any time scale (e.g., hourly, weekly, monthly, etc.).
Background concentrations generated from atmosphéadings can be compared to land use activity
loadings generated during stormwater runoff.

4.2.2.2.6 Pollutant ransport

Stormwater runoff and pollutant loadings are simulatedbe transported from the source t@lsewhere
usingthree possible pathwagpf transportover the land surface:

(1) Fastresponse- rain falling on the land surfacenoff that flows directlyto ditches, streams,
stormwater collection systems, etc.

(2) Moderately fast responserain falling on thdand surfacehat infiltrates into skallow
subsurface soilandreemerges in nearby receiving ditches, streams, etc., and

(3) Slowresponse infiltration of rain falling on the lanihto groundwaterand taknghours,
days, or weeks to reemerge in nearby waterbodies (streams, lakes, rivers).

4.2.2.2.7 Pollutant fite

The fate of pollutants will be simulatextcording to theikharateristicb(l) pollutants that bindo and
unbindfrom sediment in the water column and/or stream bed, (2) pollutants that remain in solution

pollutant istransported downstream.
4.2.2.2.8 Boundary onditions

The vatershed model wiljeneratelateral inputs foruse inthe receiving water body modbr waters
adjacent to the watershed studyrea

As previously mentioned, the upper boundary of the study area starts at the downstream side of the
Howard Hanson Dam (HHD). Tikishusthe [upstreardboundary of the watershed modeling network.
For every simulated watershed parameterbeincluded inthe receiving water body model, there will
lbe a ne;d to develop eorrespondingime series input into the watershed modehsed orHHD

outflow:

4.22.2.9 Summary obbjectives

For the LDWsources of simulated watershed loading rates into the L&¥éfrom the upstream
boundary conditions in the Green River water column and from adjacent lateral inputs that are
generated from stormwater runoff and from shallow subsurface and groundwater fluxes.

The stormwater runoff loading rates will be based on a bupgdard washoff methodand will be

tailored toland use and geographic location. Transport of the pollutants will include instream processes
associated with deposition and resuspension of particulategdimentsPotential ®urce control

actions can be applieto stormwater runoff upstream in the watershed aadjacentto the LDW to
evaluatethe effecton LDWof reductions in pollutant loading rates.
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Lateral watershed model subsurface flows into the LDW include fluxes of flow rates and loading rates for

contaminants of concern. The two pathwafs subsurface flow arehallow subsurface inflows
assumed to remerge alonghe banks of the LDW and the active groundwater that interacts with the
river bed[.The loading rates are user specified anash be adjusted téit observed concentrations within
the water colump
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Rates ofitmospheridoadingsof pollutantsonto land willlikely be applied as twalistincttime series
higher loading ratesor landwithin the LDWbasin and lowerates forland in the Green Rivévasin The
relative importance of background atmospheric loading rates can be compared to what is generated
from stormwater and subsurface contributions.

Combined sewestormwater systems within the LDW basin are separate from other sources to the LDW
and will beevaluated separately

Commented [A32]:  Can this be expanded upon to say how
CSOs will be evaluated?

43 |nf0 rm at| onn eed ed an d sources {Commented [A33R32]:  FYI, they will be point sources for th}

receive water body model (i.e., EFDC).

The linked models will be developed with the existing body of data foGtteen/Duwamish watershed.
The available datasets are sufficient to begin the model development process, but it is unknown if they
will be sufficient for final model acceptance for use in evaluating management scefaims Tech has
identified known limiations and gaps in the data in a prior memo (Tetra Tech, 2015b), but the
ramifications of these data gaps on model confidence/uncertainty will not be fully understood until the
model calibration process is underwalyis anticipated that the data gaps sarface water qualitglata

will present a more substantial challenge than gaps in flow data.

which are being modeled. So see an issue here. How get to vi
dependently?

Commented [A34R32]:  But are also dominated by stormwat

The model development process will be conducted in phases, beginningheittydrology and

hydrodynamic modules diSPRnd EFD@nce the flow models are compéeand water quality data

are assembled in a database tool, the project plan includes parallel tasks to develop empirical loading
estimates and to calibrate the water quality modéltiese tasks will bring the key data gaps into greater
focus and identifyneeds for additional data collection and other analyses to improve the mo#lités.
calibration is completed with existing dafftom within the period 199€017) the project team will

evaluate the potential benefits and feasibility of gathering new aatd extending the model

calibration process to incorporate that dat&ny future data collection efforts would be described in a

data collection QAPP, and significant adjustments to the model development process would be captured
in updates or addenda tthis QAPP.

4.3.1 Data summary

The data summaries produced in Tetra Tech (2014), Tetra Tech (2015a), and Tetra Tech (2015b) are not
reproduced for this QAPIstead, a high level summary of the primary data to support model
development is provided.

Secondary da arethosedata previously collected under efforts outside the current project that are used
for model development and calibratiofiable2Fable2 liststhe secondary sources that may be used in
model developmentThe sections that follow provide additional details regarding secondary data used for
this task.

Table2. Primary surces of key secondary data

Data Type Primary Sources

Watershed Model (HSPF)

Tributary and mainstem flow U.S. Geological Survey gaging (National Water Information System); King
County Hydrologic Information Center

CSO flows City of Seattle and King County Combined Sewer Overflow (CSO)
monitoring and models
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Data Type

Primary Sources

Tributary and mainstem water quality
data

King County, USGS, Ecology

Reach hydraulics and subwatersheds

King County HSPF models, City of Seattle (for areas lateral to LDW)

Meteorology

National Climatic Data Center; King County; Washington State University
Experimental Field Station, Parameter elevation Regression on Independent
Slope Model (PRISM) climate data, North American Land Data Assimilation
System (NLDAS)

Point source information (e.g., permits,
DMRS)

Discharge Monitoring Reports (via Ecology) for non-stormwater discharges
within the watershed

Landcover/land use

King County HSPF model (based on 30-m resolution 2007 satellite-derived
dataset with 14 land use categories from the University of Washington)

Soils

USDA Statsgo

Digital Elevation Models

USGS National Elevation Dataset

Atmospheric deposition

Ecology and King County

Receiving Water Model (EFDC)

Model grid

Existing EFDC models developed by LDWG and King County

Meteorology

Seattle-Tacoma International Airport (SEATAC), National Oceanic and
Atmospheric Administration (NOAA) tide stations

Tide, water surface elevation, and flow

NOAA tide stations, USGS, output from HSPF CSO models/monitoring

Salinity and temperature

King County conductivity, temperature, and depth (CTD) sensor monitoring
data

Water quality monitoring data

Ecology (Sherlock and EIM), Puget Sound studies, King County

Point source information (e.g., permits,
DMRS)

CSO discharge data from City of Seattle and King County

Food Web Model

Tissue data

Ecology (Sherlock and EIM), Puget Sound studies

Media concentrations

Output from EFDC

The following sections describe the data needed for each of the three models to be developed.
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4311 Watershed nodel
4.3.1.1.1 Flow dcita

Reliable streamflow data are important teatershedmodeldevelopment calibration and validation.

Flow data at locations within the model domain will be compared against modeled flow to evaluate the
model performanceThe USGS and King County maintain numerous stations ®réen/Duwamish

system Inflows at Howard Hansen Dam will also be used as a boundary cond@itietdSGS maintains
streamflow gaigedata, which arereadilyavailable through the National Water Information System
(NWIS)accompanied by useful QC informati®@ame additional flow measurements are collected
O2yGAydz2dzate IyR INB I @FtAflofS (KNRPUSBKdatdarg 3 / 2dzyieQa | @8RNRf23A0 LYT¥
availablefrom the NWIS systemat a daily intervaénd at shorter intervals via the USGS Instantaneous

Data Achive while King County data are available atute intervals.Figure3rigure3 shows the

spatial distribution othe flow monitoring stationsDetails on station namegeriod of recordand other

details are provided in appendices to the Technical Approach (Tetra Tech, 2b&d).half of these

provide data throughout a proposed modeling period of approximately 189E5. Theflow data should

be sufficient for watershé modeling purposeand to achieve an appropriate representation of system
hydrology When flow data from sources other than USGS and King County gaging and field measurements
are usedPLA modeling teawill review the relevant QA protocols and document the results in the

project report.
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" LI R o e A RE RO ® USGS hydrologic station
- o— 3 > = | = King County hydrologic station
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Figure3. USGS and King Coulydrologycalibrationstations in thestudy area

Auxiliary information for hydrologic dbfation is provided by several sourc&epresentativeness of

selected precipitation gages can be checked against PRISM and other gridded precipitation products that
interpolate against topographyAnother important check is provided by satelderivedgridded

estimates of actual evapotranspiratiofis the largest fraction of incoming precipitation is converted back

to evapotranspirationit is crucial to represerthe total amount and seasonal patteresrrectly. The
NASA/EOS monthiOD16 Global Terrestrial Evapotranspiratioata Setwill be compared to théiSPF
simulated total evapotranspiration.

4.3.1.1.2 Meteorologicaforcingdata

Meteorologicalforcingdatawill primarily include datérom the NOARBCDC surface airnagtations
and King Countgperated stationsAtmospheric forcing data include precipitation, air temperature,
wind speed, dew point, cloud cover, evapotranspiration, and solar radiation.

: s 3
L/QF 806078V} - Py 2 £ NOAA Meteorological Station .
- 5 ‘,( | = King County Precipitation Station

$5 Subwatersheds

Duwamish and Green River Watersheds N 0 3 6 12
Meteorological Station Locations S— @ TETRA TECH
Map produced by H Nicholas, 02-29-2016 o 2.75 5.5 11 o
NAD_1983_HARN_StatePlane_Washington_South_FIPS_4602_Feet Miles

Figure4. Precipitation andneteorologicalstations in the Greefbuwamishwatershed

Fgure4 shows the meteorological and precipitation stations identified in Tieehnical Approach
Details on station names, period of recoashd other details are provided in appendices to the Tedini
Approach (Tetra Tech, 201#dditional stations were identified in the BASINS dataset for the
GreerlDuwamish watershethat can be used tdill spatial gaps in the meteorological daé&speciallyin
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the Upper Green watershed@he BASINS data also po#s/additional precipitation gages throughout the
watershed.

Precipitation variesonsiderablyin the greater Seattle region, and the large watershed is subject to a
spectrum of precipitation patterngzor example, annual precipitation records from 120D0 in the
central part of the study area at Landsburg show an annual average precipitation of 56 inches, while
data in the upstream portion of the watershed recorded at Cougar Mountain indicate almost double
that value, at over 100 inches.

In addition tothese point observations, high resolution PRISM climate data are available to fill the gaps
of weather data to support the model configuratioi$iese data are gridased and cover the entire
modeling areaTheNorth American Land Data Assimilati®pstem(NLDAFalso providegrid based

climate data.These point observation data and grid based data will be used togetherharepatial

and temporal coveragwill be sufficient to represent hydrology in ti¢SPREomain.

4.3.1.1.3 Water quality doservations

Tetra Tecltompiled and reviewed water quality monitoring data fbe watershed collected bicology,
USGing County and otherSummaries are provided in Tetra Tech (2014), Tetra Tech (2015a), and
Tetra Tech (2015blt is expected that additional datwill be complied in the initial stages of model
development.

The water quality simulation will be constrained by comparison to data as well as by auxiliary information
on loading rates and pollutant behavi@®ecause observecbncentration data in the war column are
relatively sparse and often at or below practical quantitation limits for many COCs, the first step in
calibration is to constrain the model to be qualitatively consistent with previous studies on loading rates.
Available data sources fordding information are summarized Tabe 3.

Table3. Summary table of datsourcesby parameter

Commented [A35]:  Please be aware of revised KC Green Ri
water quality reports:
https://www.kingcounty.gov/services/environmefwastewater/du
wamishwaterway/preventingpollution/pollution-sources.aspx
Contact Debra Williston for revised total PCB data if Ecology dc
not have already.

Commented [A36]:  This is a published report in 2016.
Recommend this be updated Citation.
https://www.kingcounty.gov/services/environment/wastewater/d
wamishwaterway/preventingpollution/pollution-sources.aspx

Paramete[r\ Surface Runoff/Shallow Groundwater * | Atmospheric Deposition *
Solids and USGS National Water Quality --
Suspended Assessment (1994-2003)
Sediment King County (2014)
King County (suspended solids study)
King County (2015)
Herrera (multiple citations)
PCBs Herrera (multiple citations) King County (2013c)
Ecology (2015) Leidos and Newfields (2013)
cPAHs Herrera (multiple citations) King County (2013c)
Ecology (2015) Leidos and Newfields (2013)
Ecology (2010)
DEHP Herrera (multiple citations) King County phthalate studies (2004, 2005a,
2
Ecology (2015) 005b)
Leidos and Newfields (2013)
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https://www.kingcounty.gov/services/environment/wastewater/duwamish-waterway/preventing-pollution/pollution-sources.aspx
https://www.kingcounty.gov/services/environment/wastewater/duwamish-waterway/preventing-pollution/pollution-sources.aspx
https://www.kingcounty.gov/services/environment/wastewater/duwamish-waterway/preventing-pollution/pollution-sources.aspx
https://www.kingcounty.gov/services/environment/wastewater/duwamish-waterway/preventing-pollution/pollution-sources.aspx

Commented [A35]:  Please be aware of revised KC Green Ri
water quality reports:
https://www.kingcounty.gov/services/environmefwastewater/du
wamishwaterway/preventingpollution/pollution-sources.aspx
Contact Debra Williston for revised total PCB data if Ecology dc
not have already.

Paramete[r\ Surface Runoff/Shallow Groundwater * | Atmospheric Deposition *
King County (2004, 2005a, 2005b)

Arsenic Herrera (multiple citations) King County (2013c)
Ecology (2015) Leidos and Newfields (2013)

Ecology (2010)

Copper Herrera (multiple citations) King County (2013c)
Ecology (2015) Ecology (2010)

Zinc Herrera (multiple citations) King County (2013c)
Ecology (2015) Ecology (2010)

* Leidos (2014) provides a compilation that contains additional supporting information.

Once land use basddading rates are estimated and included in the initial model setup, the instream
water quality model is calibrateat increasingly larger scald#st by tributary subwatershed and then
by the main sections dhe mainstem of the Green River (e.g., Upper, Middle, Lowet)le4TFabled
summarizes data available for instream water quality calibrafidve recent data collected by a number
of agencies begins to fill kegaps in the data identified by the remedial investigatfeasibility study

(RI/FS) and Leidos (201AHditional data relevant to this effort are still being collected.

Table4. Summary of dataourcesby parameter and watershed aresed ininstream calibration

Parameter Upper Green River Middle Green River Lower Green River
Watershed Watershed Watershed
Solids and King County (2015) King County (2014) King County (2014)

Suspended Sediment

USGS National Water
Quality Assessment (1994-
2003)

USGS National Water
Quality Assessment
(1994-2003)

King County (suspended
solids study)

King County (suspended
solids study)

USGS National Water
Quality Assessment (1994-
2003)

USGS (Tukwila monitoring)

Ecology (2009)
PCBs King County (2015) King County (2014) King County (2014)
King County (suspended King County (suspended
solids study) solids study)
USGS (Tukwila monitoring)
Ecology (2009)
CPAHs King County (2015) King County (2014) King County (2014)

King County (suspended
solids study)

King County (suspended
solids study)

USGS (Tukwila monitoring)
Ecology (2009)
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Parameter Upper Green River Middle Green River Lower Green River

Watershed Watershed Watershed
DEHP King County (2014) King County (2014)
King County (suspended King County (suspended
solids study) solids study)

USGS (Tukwila monitoring)

Arsenic King County (2015) King County (2014) King County (2014)

King County (suspended King County (suspended
solids study) solids study)

Ecology (2009)

Copper King County (suspended King County (suspended
solids study) solids study)

USGS (Tukwila monitoring)

Zinc King County (suspended King County (suspended
solids study) solids study)

USGS (Tukwila monitoring)

4.3.1.1.4 Reachhydraulics andubwatersheds

Reach hydraulics and subwatershed delineations will rely primarily on the previous HSPF model by
AquaTerra for King Countgefinements will be made as needed. Additional delineation and reach
hydraulics will bévased on data from City of Seattle and othexs availablgfor the areas adjacent to the
LDW Digital elevation model (DEM), local Lidar data, and other data will be used where needed.

4.3.1.1.5 Pointsourcedischarges

The majority oNational PollutanDischarge Elimination SystgfdPDES) permits in the study area are
general permits for stormwater (municipal, industriahd construction) and specific industrial processes
(such as Sand & Gravel and Boatyards), which are proposed to be incorporatgdrasprocesses in

the watershed model (i.e., not modeled explicitly as a traditional, direct discharge to a strEzeng.

are five individuaNPDEStormwaterpermits in the Lower Duwamish and Lower Green watershEds.
initial data inventory conductetbr the Technical Approach suggested that Discharge Monitoring Report
(DMR) data are limitedVhen available, flow and pollutant concentrations obtained from DMRs and
other applicable studies would be used to improve model calibraiidhen DMR data do naontain

the parameters to be modetk assumptions can be made and documented based on similar monitoring
efforts. However, it is likely that most of these will not be included explicitly in the model due to size,
nature of the discharge, type of facilignd/or the ability to also be represented as upland inputs.

Portions of the watershed area adjacent to the LDW have separated and patrtially separated systems for
sewage and stormwatemhese will be handled separately,@escribed in Section.3.2.1.5 Areaswith

partially separated storm drainages agenerally areas in which street drainage is separated but roof
drainages go to the CEXisting GIS files that delineate these areas and other information on connectivity
will be obtained from Seattle Plib Utilities.
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4.3.1.1.6 Landcover/landuseand soils

Land cover/land use and sodata are typically used to develop hydrologic response u8itece the

existing HSPF models for King County already have Hydrologic RelSpia$id RUs) developed based

on 2007 land use/land covethe PLA teanmodelerswill begin with these and updatinem only as

needed for the initial hydrologic calibration of the PLA watershed md&stelopment of the water

quality model for the watershed, partidarly for toxicsmay include an update and/or refinement of the
HRUs in which case additional land cover/land use data from a combination of local sources (e.g., City of
Seattle, King County, and other municipalities) and national data sets (e.g., National Land Coe¢r Datas
or NLCD) will be use8oils data, if needed, can be obtained frime U.S Department of Agriculture

(USDA).

4.3.1.1.7 Atmospherideposition

Atmospheric deposition of PAHs, PCB=I arsenic are important sources of pollutants that may be
considered &oundary condition, as these aexternal inputs to thevatershedandreceiving water
models.Both wet and dry depositiof these contaminants occur in the watershed, and are spatially
and temporally dependentor example, arsenic deposition occurrezhr smelter locations prior to

their closure PCBs will have higher concentrations in air in close proximity to PCB sources, such as a
building with high PCB concentrations in caulking or p&8Atis are expected to have higher air
concentrations in closproximity to transportation centers.

A number of atmospheric deposition studies in the region provide information to set initial atmospheric
deposition rates, and when combined with buil@ washoff and sediment/solids potency will form the
basis of loadig rates from individual land use typdsis information can also support direct

atmospheric deposition loading to surface wat€hese studies were summarized in Tetra Tech (2015b).

It is preferable to represent wet and dry deposit®both of which cae specified in the watershed

model, but this will depend on the availability of dalta.cases where only total loigrm deposition

rates are availablet would be best to represedthis ratebs dry depositiorhowever, if concentrations [COmmemed [A37]:  the bulk rate as dry.. ]
in rainfallare availableboth types of sources can be u$@btails of the representation of atmospheric {Commemed [A38]: This probably won't happen. Total bulk }
deposition of toxics will be described in detail in the model development report. deposition would be modeled as dry deposition.

4.3.1.2 Receiving WaterEFDEModel
4.3.1.2.1 Modelgrid

The proposed EFDC modell be developed using the gadrom the existing models with an upstream
extension(refer to Section 3.2.3)The current LDWG (QEA) and King County EFDC grid extends into Elliott
Bay, with an open boundary drawn between Alki Lighthouse and Four Mile RecPLA modeling

domain will be extended further upstream on the Green River to capture additional tidally influenced
sections.

4.3.1.2.2 Meteorology

The receiving water modegquires input time series aftmospheric forcing data including precipitat,

air temperature, wind speed, dew point, cloud cover, evapotranspiration, and solar radiation.

aStiS2NRPt23A0KE REGEF FNB FSFAELI6fS FNRY bh! ! Qa adNFIFOS ANBLIE adGl Gaz2
hydrodynamic modeling. Meteorological data are availablenft®91 to present from other sources

including NOAA, King County, and Washington State University.

YAY3 /2dzyieQa | 8RNRBE23IAO Ly TF2NNYI G precipitato siria€dNI | £ 82 O2y i+t Aya NIAYTFIEES

water temperature, turbidityand other meteorologial data for some station3he available
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meteorological stationsvere illustrated inFigure4kigured. In the meteorological station mapelow,
there are severaNOAAmeteorological stations with a full suite of atmospheric forcing dataddition,

YAY3I /2dzyieQa LINBOALRAGEGAZY FFdASa LINBGARS J22R aLIl dALE FyR GSYLR2NI

watershed.Wind forcing data from the Seattle Pier 52 ferry termina anrrently used in the QEA and
King County EFDC moddlkis dataset will be applied for the current effort to maintain consistency.
These input data areme-variable (hourly) in directioand velocity.

Additional data on evaporatioare available from Veshington Site UniversityData sources such as
PRISM climate data and NLD#a® be used to supplement these sources if needéuhally, meteorological
data and station selection will be influenced by those used in the King County HSPF modelssidRhe
model developed for this work.

4.3.1.2.3 Tide, water surface elevation, and flow

Data to supporhydrodynamianodelingare availabldrom a variety of sourcemcludingUSGS:cology,
EPA, NOAA, King Caoyrand associatedtudies.Important forhydrodynamic receiving water modeling,
tidal data are available for 199dresent and are collected atr@inute, hourly, and monthly intervals at
several active station®ata can also be used from inactive tide stations for calibration purposes, which
arealso available, if necessary, based on important spatial locations and or time pémiadslition, a
single current monitoring station is located in Puget Sound to the north of the study area for 2009
present.Error! Reference source not founeigure5 shows the location ofydrodynamic monitoring
stations in the regionDetails on station names, period of recpahd other details are provided in
appendices to the Technical Approadtetra Tech, 2014).

Tidaldata are availablérom long-term, continuous (i.e., mooring stations), and instantaneous
monitoring stations throughout the receiving waters and waterbodies that could be usedtarnal
boundary conditions along the opdroundary in Elliott Bayrhe temporal (1989 to present) and spatial
resolutions of the continuouand longterm data provide a strong basis for modeling the LDW and
representing its boundary condition§he instantaneous measuremerstee less pertinent, bucould be
used to fill in spatial gapsiSPRvatershed model results will be used to represent tributary inflow
boundary conditions.

4.3.1.2.4 Salinity and temperature

LDWand surrounding waterbodies that would represent boundamgditionsare well reprasented as

water temperatureandsalinitydata are availabléo assist irthe implementaion modeling effort.The

upstream water temperature boundary condition will be provided by H&PRvatershed model, and a

salinity of O will be assigned to flows, catent with the QEA and King County modelitpng the

open boundary at Elliott Bay, observed salinity and temperature values will be applied that use data

sources consistent with the QEA and King County mo@éfishoreconductivity, temperature, and

depth (CTDsensory 2 Y A i 2 NAYy 3 RIGF FNRBY (GKS YAy3 /[ 2dpsieQa tdz3Si4 {2dzyR al NAyS
availableto derivevaluesat the open boundary locations.

4.3.1.2.5 Water quality monitoring

Tetra Tech has compiled and reviewed water quality monitoring fiatthe watershed collected by

Ecology, USGEing Countyand others.Summaries are provided in Tetra Tech (2014), Tetra Tech (2015a),
and Tetra Tech (2015H)eidos (2015)evelopeda detailed quality assured database of PCB congener
data. It isexpected that additional data will be ibected if there is any neeith the initial stages of model
development.
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Figure5. Tide and current stations in the study region
4.3.1.2.6 Point source discharges

There are wo types of poihsources in the watershed€€SOs and stormwater runoff (excluding the King
County South outfall in Elliott Baylost of the point sources are stormwater outfalls and they will be
modeled within theHSPRFramework. Figure6Figures shows existing and historical CSOs in the
watershed.For the drainage areas where surface runoff flows into CSO pipes, the CSO monitoring and
models from City of Seattle and King County will be {gegimodeling teanwill obtain City and County
data of flow and concentration for CSOR)r the drainage areas where runoff erg¢ine stormwater

pipes orthe LDWdirectly,HSPRvill be usedIndividual drains will be aggregated so that the total flow and
contaminant loading can be allocated to EFDC dellsll be dependent on subcatchment delineations in
the watershed model.
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